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Abstract
Opportunistic mycoses are caused by ubiquitous fungi that we encounter daily. This study
identified the most common opportunistic fungi in a local area during the current winter season.
A survey of fungi was conducted in the Portsmouth, New Hampshire region by taking
environmental samples from both indoor and outdoor locations. The samples were then cultured
and identified using colony morphology, microscopic characteristics, and biochemical testing.
Despite the cold weather, the results showed that fungal species are still prevalent outdoors, with
the most variation in single samples coming from areas with exposed soil and decaying
vegetation, while less fungal presence was detected outdoors in more developed, high-traffic
areas. Comparatively, specimens collected from indoor locations were less varied and more
prevalent in “high-traffic” areas, such as offices, shower stalls, and refrigerators. Opportunistic
fungal infections account for more than 75,000 hospitalizations and over 9 million outpatient
visits in the United States annually.1 If looked at in conjunction with the increasing
immunocompromised population in this country, opportunistic mycoses are projected to continue
increasing as well. A survey of regional opportunistic fungi is important in establishing what
species are present and could be helpful in identifying the causative agents of opportunistic
mycoses that arise in that community.

Introduction
Opportunistic fungi are ubiquitous and we are exposed to them every day, however they have the
potential to cause serious illness and mortality in immunocompromised populations.
Immunocompromised status indicates someone with an immune system that has been weakened
or is not functioning as it normally would. For example, the elderly, patients with autoimmune
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diseases or cancer, and patients who have recently undergone an organ or stem cell transplant
and are now on immunosuppressive therapy would all be considered immunocompromised.
Extended courses of antibiotics have also been shown to weaken the immune system, opening
the possibility for disease caused by opportunistic organisms.
The incidence of opportunistic fungal infections seen in the United States and globally
has been slowly increasing over the last few decades. This is due in part to the continually
increasing incidence of immunocompromised individuals. At the same time, health care practices
have improved greatly, allowing people to live longer due to better treatments for previously lifethreatening situations. However, by looking at these two trends, you are able to see two sides of
the same coin. In the past, if a patient developed cirrhosis, they would most likely expire due to
end-stage liver disease or hepatocellular carcinoma. If the same patient presented today with
cirrhosis and a donor was successfully matched, the patient could potentially live for another 30
years after a liver transplant. For this patient to achieve a successful recovery after surgery and
prevent transplant rejection, they would be required to take an aggressive regimen of
immunosuppressants and antibiotics for about four to six months, and then most likely continue
on immunosuppressive therapy for the remainder of their life.2 As health care practices improve,
life expectancy is going up because more people are able to get these life-saving surgeries and
treatments. The flip side of this is that due to relatively new procedures like organ or stem cell
transplants, chemotherapy, or radiation, more people are on immunosuppressive therapy or
prolonged antibiotics than ever before, which contributes to the increase we see in the
immunocompromised population. Therefore, an increase in the incidence of opportunistic fungal
infections over the past few decades is expected because there has been a steadily growing
number of people who are available and susceptible to infection. An increase in fungal infections
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is also thought to be seen because the diagnostic technologies available have advanced as well,
meaning that more fungal infections are being properly diagnosed instead of mistaken for viral or
bacterial infections, which has been common in the past.3
The goal of this study was to identify which opportunistic fungal species were present in
the local Portsmouth, NH region during the winter 2021 season. Environmental samples were
taken from both indoor and outdoor locations, with variation between high-traffic and remote
areas within each of those categories to see if any patterns in fungal presence were discernable.
Because fungal infections are still frequently overlooked and misdiagnosed, and antifungal
resistance is an important emerging threat in treating these infections, a survey of what
opportunistic fungi are present in the local area may serve as a helpful diagnostic tool when
confronted with a patient presenting with symptoms of an unknown infection.

Materials and methods
Media Preparation
Sabouraud dextrose agar (SDA) plates were prepared using the following recipe: 40 g dextrose,
10 g peptone, 15 g agar, 1000 mL water. All of the ingredients were mixed in an Erlenmeyer
flask on a stir plate until thoroughly combined. The pH of the solution was then measured and
HCl was added as needed until the pH was titered to 5.6 (+/- 0.2). This recipe was doubled and
autoclaved for 20 minutes at 121˚C and 15 psi before being poured into a total of 64 100 mm X
15 mm polystyrene petri dishes.
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Sample Collection
The results of this study were obtained by collecting environmental samples from the selected
areas (Figure 1) and identifying the fungal species present. After the plates were prepared,
specimen collection took place over the span of four days. Plates not in use were stored in a
cooler with ice packs to prevent desiccation or the growth of contaminating bacteria. The areas
chosen for specimen collection were selected as a means of representing an accurate survey of
the presence of molds in the Portsmouth, NH region. The main focal point for comparisons were
the species identified in indoor versus outdoor locations, and high traffic versus remote areas.
The location, time, temperature, and relevant conditions of each site were recorded during each
sample collection (Table 1). The temperature for plates collected outside ranged from -2.7˚-1.1˚C
and the temperature for plates collected indoors ranged from 4.4˚-22˚C. The lower limit for the
indoor temperature is colder than what might be expected due to several samples being taken
from indoor spaces (in this case, meaning places that were sheltered from the elements) such as
garages and walk-in refrigerators that were lower in temperature. All plates were collected by
exposing the SDA media to the air surrounding the targeted area for one minute. The plates were
then wrapped in paraffin film and stored in a cooler until being transported to the laboratory,
where they were incubated at 28˚C for 9 days.
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Figure 1. Map of the Portsmouth Region showing areas sampled for fungi

Plate
1

Date
2/17/21

2
3

2/17/21
2/17/21

4

2/17/21

5

2/17/21

6

2/17/21

7

2/17/21

8

2/17/21

9

2/17/21

10

2/17/21

11

2/17/21

Location
Whale Wall lot
downtown
Portsmouth (DTP)
Vaughn Mall DTP
Office building –
main room
Office building basement

Time
12:48 pm

Office building –
attic
Office building –
front window
Commercial Alley
DTP
Market Square
DTP
Fleet St. Parking
Garage DTP
Music Hall alley
DTP
Ceres St.
construction site
DTP

Temperature
27˚ F

Conditions
Sunny, dry, cold, very windy

12:45 pm
1:30 pm

27˚ F
72˚ F

Shaded, dry, cold, very windy
Warm and dry

1:33 pm

60˚ F

1:36 pm

70˚ F

1:39 pm

72˚ F

Recently converted into storage space,
dehumidifier running, only artificial
light
Dark and dusty, dry, mainly used for
storage
Plenty of natural sunlight, dusty

2:25 pm

28˚ F

Shaded, cold, ice and snow buildup

2:30 pm

28˚ F

Sunny, cold, dry, very windy

2:33 pm

28˚ F

2:37 pm

28˚ F

2:40 pm

28˚ F

Walked up stairwell and along parking
level, shaded, damp, dingy
Shaded, cold, windy, some built up
snow and ice
Sunny, windy, lots of equipment
moving around and digging into the
ground
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2:43 pm

28˚ F

Sunny, muddy, patches of snow and
ice

2/17/21

Planter in front of
USPS building
DTP
Prescott Park DTP

3:10 pm

28˚ F

14

2/17/21

Prescott Park DTP

3:18 pm

28˚ F

15

2/17/21

3:30 pm

65˚ F

16

2/17/21

3:33 pm

65˚ F

Several plants watered to agitate soil,
sunny

17

2/17/21

3:36 pm

65˚ F

18

2/18/21

12:06 pm

28˚ F

Shaded, dry, not in use for several
months
Cold, damp, windy, snow buildup

19

2/18/21

Apartment
(Portsmouth) –
under kitchen sink
Apartment (P) –
office after
watering plants
Apartment (P) –
guest shower
Odiorne – old door
of bunker
Odiorne - hilltop

Agitated the area around the posts of
the front garden gate, cold, shaded,
damp, ~ 8 inches of snow on the
ground
Under the wooden stage, damp/wet,
muddy, shaded
Dark, cluttered, dry

12:15 pm

28˚ F

20

2/18/21

Odiorne – common
foot path

12:21 pm

28˚ F

21

2/18/21

Odiorne – coastal
path

12:27 pm

28˚ F

22

2/18/21

12:40 pm

28˚ F

23

2/18/21

Odiorne – inside
bunker
Odiorne – fallen
tree

12:47 pm

28˚ F

24

2/18/21

12:56 pm

28˚ F

25

2/18/21

Odiorne – water’s
edge/seaweed
Odiorne – beach
rocks

1:00 pm

28˚ F

26

2/18/21

1:28 pm

66˚ F

27

2/18/21

House (Rye) –
indoor plants
House (R) – guest
bedroom air vent

1:33 pm

66˚ F

28

2/18/21

1:35 pm

66˚ F

29

2/18/21

House (R) – main
shower
House (R) - garage

1:45 pm

56˚ F

30

2/18/21

1:50 pm

28˚ F

31

2/18/21

1:52 pm

28˚ F

32

2/18/21

House (R) – flower
beds outside
House (R) –
vegetable beds,
mid-layer of snow
House (R) –
vegetable beds, top
layer of snow

1:55 pm

28˚ F

Sunny, very windy, patches of snow
but also dry pine needles and soil
Taken from pocket near the ground
where snow had melted, sunny, damp,
cold, surrounded by snow/ice
Sunny, open, windy, walking along
path adjacent to beach, covered in
snow and ice
Shaded, cold, still, several snow drifts
inside, mostly dry
Targeted area was where tree had split
open, exposed decaying vegetation,
breezy, sunny
Sunny, breezy, wet, agitated the living
seaweed
Shaded, dry area higher up on beach,
sample taken from a protected nook
within the rocks
Sunny, dry, soil agitated
Shaded, dry, not in use several months,
vent turned on during sample
collection
Shower had recently been used, still
damp, shaded
Sample collected from general area,
relatively clean, dry, daily use
Soil slightly agitated – ground very
frozen
Sample taken from halfway down
layer of snow (~6-8inches), cold, wet
Collected by exposing SDA medium
directly to untouched top layer of snow
on top of vegetable beds, cold, wet
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35

2/21/21

36

2/21/21

37

2/21/21

38

2/21/21

39
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House (R) –
vegetable beds, soil
level
Apartment (P) –
office air vent
Great Bay Wildlife
Refuge - trail

1:59 pm

28˚ F

Attempted to agitate soil in vegetable
beds, ground very frozen, cold, damp

12:00 pm

65˚ F

1:07 pm

34˚ F

Great Bay – under
catwalk
Great Bay –
parking lot
Great Bay overlook

1:09 pm

34˚ F

1:25 pm

34˚ F

Dry, warm, air vent frequently in use,
was blowing during sample collection
Sunny, cold, damp, relatively busy,
several groups passed by during
sample collection
Shaded, damp with snow, exposed
decaying leaves
Sunny, dry, crowded with cars

1:53 pm

34˚ F

2/21/21

Great Bay –
decaying leaves

2:10 pm

34˚ F

40

2/21/21

2:45 pm

34˚ F

41

2/21/21

Urban Forestry
Center (UFC) –
tree roots
UFC – wood pile

2:53 pm

34˚ F

42

2/21/21

UFC – trail

2:55 pm

34˚ F

43

2/21/21

2:58 pm

34˚ F

44

2/21/21

UFC – path to
parking lot
Car - dashboard

3:02 pm

40˚ F

45

2/21/21

3:17 pm

34˚ F

46

2/21/21

3:20 pm

66˚ F

47

2/21/21

House (R) –
neighborhood
House (R) –
laundry room
House (R) – garage

3:23 pm

55˚ F

48

2/21/21

3:27 pm

66˚ F

49

2/22/21

11:43 am

37˚ F

Dark, dirty, full of trash – mostly in
plastic bags

50

2/22/21

11:12 am

65˚ F

51

2/22/21

11:25 am

52˚ F

52

2/22/21

11:15 am

65˚ F

53

2/22/21

11:07 am

65˚ F

54

2/22/21

11:58 am

37˚ F

Trash can agitated before sample
collections, trash mostly plastic
Dry, cold, drafty, only artificial light,
cluttered
Used recently, damp, shaded, not a lot
of air circulation
Visible mold growing, in back corner
of sunny room
Dark, cold, drafty, no heavy foot
traffic, wooden structure

55

2/22/21

House (R) – under
kitchen sink
Portsmouth
neighborhood
dumpster
Apartment (P) –
trash
Apartment (P) attic
Apartment (P) –
master bath shower
Apartment (P) –
dried sunflowers
Portsmouth
neighborhood
storage shed
Portsmouth
neighborhood
postal room

12:05 pm

45˚ F

Collected from wooden overlook
structure at edge of woods and the
water, damp, sunny, cold, windy
Targeted area was nook of exposed
decaying vegetation under fallen
branches surrounded by snow, cold,
shaded
Sunny, remote, targeted area was
exposed tree roots and soil of living
tree
Shaded, mostly dry, piles of chopped
wood stacked up, cold
Sunny, wet, path covered in mulch but
not frequently used
Sunny, wet, muddy, frequently
traveled
Sunny, cold, heating vents turned on
during collection
Sunny, damp, walked around
muddy/gravel neighborhood street
Dark, dusty, warm
Specifically around back left corner,
neglected area, damp, dirty
Dark, organized, slightly damp

Shaded, cool, damp, dingy from salt
and mud from people’s boots
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2/22/21

57

2/22/21

58

2/22/21

59

2/22/21

60

2/22/21

61

2/22/21

62

2/22/21

63

2/22/21

Chloe Richard
Apartment (P) –
refrigerator water
spout and tray
Car - floormats

12:20 pm

65˚ F

Damp, frequently used, plastic

12:37 pm

40˚ F

Restaurant
(Kittery) – tap lines
in walk-in
Restaurant (K) –
dish pit room
Restaurant (K) –
bar sink/trash
Restaurant (K) –
behind kitchen
refrigerator
Restaurant (K) –
under server station
sink / cabinet
Restaurant (K) –
mop closet
Dog’s nose/snout

12:54 pm

38˚ F

Floor mat under driver’s seat, agitated
before sample collection
Dark, damp, dingy

12:57 pm

63˚ F

1:02 pm

63˚ F

1:06 pm

63˚ F

Dark, dusty, far corner, otherwise
protected area

1:11 pm

63˚ F

Dark, damp, rarely used in several
months, visible mold growth

1:15 pm

63˚ F

Shaded, damp, dingy, area around
pipes and sinks especially targeted
Shaded, high-traffic area, damp/sticky

Dark, damp, dingy, filled with
cleaning supplies, old mops, brooms
64
2/22/21
12:15 pm
65˚ F
Plate held below dog’s head as her
snout was scratched, her nose briefly
made contact with the growth medium
Table 1. Record of samples collected, including location, date, time, and conditions during collection

Identification of Molds
On the ninth day of incubation, the growth and macroscopic colony morphology of each plate
was noted and photographed. Distinctive colonies from each plate were then marked using the
alphabet to differentiate between colonies, and a microscope slide was prepared for each colony
on the plate. The majority of the slides were prepared using a tease mount – colonies were
aseptically transferred to a drop of lactophenol cotton blue (LPCB) on a clean glass microscope
slide with forceps and then teased or sliced apart with a scalpel and a pick. The scotch tape
method was also used to prepare slides in cases where the colonies were too difficult to lift off
the plate or the tease mounts were unsuccessful due to the hyphae remaining clumped together.
In this case, a piece of clear scotch top was used to lightly contact the top of the desired colony,
before being transferred to a clean glass microscope slide containing a drop of LPCB. The
hyphae were then observed under the microscope. An AmScope MD500 camera attachment was
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used to photograph the microscopic morphology of the colonies found on each slide and from
these photographs species identifications were made based on hyphae characteristics, conidia
arrangements, and structures. This method of identifying molds based on their microscopic
characteristics is considered the gold standard because each species has its own unique
combination of characteristics, such as color, hyphae, and shape of conidia.

Biochemical Identification of Yeasts
Eleven plates with yeast growth were selected for biochemical testing to identify which yeast
species were present. A total of 14 colonies were tested using the RapID Yeast Plus biochemical
testing kit from Remel. Following the instructions from the test insert and using the test wells
and the reagents provided, each isolated colony was aseptically transferred to a clean glass test
tube and suspended in 2ml of water. Enough test organism was added to the water to be
comparable to a 4.0 McFarland standard, meaning that it appeared turbid when thoroughly
mixed. The solution was then poured into the test wells and gently rocked side to side to ensure
even distribution. Each well plate was then incubated at 37˚ C for four hours. After incubation,
one drop of Reagent A (KOH) was added to the test wells containing p-Nitrophenyl-N-acetylß,D-galactosaminide (NAGA), p-Nitrophenyl-a,D-glucoside (aGLU), p-Nitrophenyl-ß,Dglucoside (ßGLU), o-Nitrophenyl-ß,D-galactoside (ONPG), p-Nitrophenyl-a,D-galactoside
(aGAL), p-Nitrophenyl-ß,D-fucoside (ßFUC), p-Nitrophenyl phosphate (PHS), and pNitrophenyl phosphorylcholine (PCHO). These wells are used for enzymatic hydrolysis reactions
of the colorless aryl-substituted glycoside or phosphoester group and resulted in a visible yellow
color change due to the o- or p- nitrophenyl if present. One drop of Reagent B was then added to
the test wells containing Proline-ß-naphthylamide (PRO), Histidine ß-naphthylamide (HIST),
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and Leucyl-glycine ß-naphthylamide (LGY). If ß-naphthylamine was released from the
arylamide substrate through enzymatic hydrolysis, it would be detected by reagent B and result
in a colorimetric reaction.4
A 30-second incubation time was waited after adding both reagents to their
corresponding wells before observing the well plate and recording the results. Wells were
compared to the provided result card to determine if there was a positive or negative result for
each well, these results were then recorded onto individual worksheet pages, and the isolates
were then identified with high levels of accuracy by uploading the biochemical microcodes for
each isolate to the Electronic RapID Code Compendium (ERIC®).

Results
After incubating for nine days, fungal growth was observed on 59 out of the 64 SDA plates. Five
of these plates displayed yeast growth only, and the remaining five plates displayed no growth at
all. The plates with no growth came from the following locations: Office building – attic,
Apartment (P) – under kitchen sink, Odiorne – old bunker door, Odiorne – water’s edge /
seaweed, and Great Bay – trail. These locations represent both indoor and outdoor, high traffic
and remote locations.
Of the 54 plates that displayed mold growth, a total of 166 colonies were isolated and
used to prepare slides for identification. From these prepared slides, 1046 photos were taken and
inspected to result in the identification of 117 individual isolates across 23 different genera of
fungi. Among these, 18 opportunistic, 3 dermatophytic, and 2 non-pathogenic fungi were
identified using their microscopic characteristics (Table 2), photos of which can be seen in the
Appendix of this paper.
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Type of mold

Plates
observed

Microscopic characteristics

19, 31, 32, 33,
36, 39, 41, 45,
53, 58
4, 16, 17, 19, 22,
26, 30, 32, 41,
42, 44, 46, 47

Septate, hyaline hyphae, single round
or club shaped conidia on short
conidiophores or directly off of hyphae
Septate, hyaline hyphae, brush-like
conidiophores (penicilli) with flaskshaped phialides and chains of round
phialoconidia
Septate, dematiaceous hyphae, thick
clusters of sporodchia support terminal
round conidia with unconstructed
vertical and horizontal septa
Septate, hyaline hyphae, unbranched
conidiophores with foot cell at base to
support terminal vesicle covered in
chains of phialoconidia, can be
uniseriate or biseriate (depends on spp.)
Septate, hyaline hyphae, unbranched
tapering conidiophores support closely
packed balls of sickle or elliptical
shaped conidia
Septate, dematiaceous hyphae, chained
poroconidia with horizontal and
vertical septa, usually club shaped with
tapered apices
Septate, dematiaceous hyphae, large
4-5 celled centrally distended
poroconidia, characteristic bent-knee
shaped conidiophore
Septate, hyaline hyphae, annellophores
bear flask-shaped annellides that
support lemon-shaped annelloconidia
in chains, conidia become spiny with
age
Hyaline, slightly enlarged
conidiophores with dark to black oval
or elliptical-shaped conidia in slimy
masses
Aseptate hyphae, branched
sporangiophores with terminal vesicles
that have cylindrical merosporangia
radiating around surface, rudimentary
rhizoids
Septate, hyaline hyphae with branched
conidiophores sometimes in pyramidal
arrangement, flask-shaped phialides
with groups of round or elliptical
phialoconidia clustered at the tip
Aseptate hyphae, branching
sporangiophores between rhizoids on
stolons

Chrysosporium

Opportunistic

Penicillium

Opportunistic

Epicoccum

Opportunistic

12

Aspergillus

Opportunistic

Acremonium

Opportunistic

1, 2, 3, 7, 11, 17,
20, 22, 28, 30,
31, 44, 49, 50,
53, 54, 55, 57,
59, 60, 61, 62
31

Alternaria

Opportunistic

11, 12, 19, 32,
33, 51, 55

Curvularia

Opportunistic

32

Scopulariopsis

Opportunistic

2, 3, 16, 17, 30,
31, 33, 36, 53,
60, 64

Stachybotyrs

Opportunistic

11

Syncephalastrum

Opportunistic

62

Trichoderma

Opportunistic

16, 20, 23, 25,
33, 40, 45, 47

Absidia

Opportunistic

46, 57
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Scytalidium

Opportunistic

Basidiobolus

Opportunistic

16, 20, 21, 32,
37, 39, 40, 42,
64
32

Septate, hyaline to brown hyphae with
one or two-celled arthroconidia

Septate, hyaline hyphae,
sporangiophores with forcibly
discharged sporangia, and numerous
smooth, round, thick walled zygospores
with characteristic beak-like appendage
32, 46
Septate, hyaline hyphae with narrow,
Arthrographis
Opportunistic
branched, conidiophores and oblong or
cylindrical single-celled arthroconidia
26, 32
Septate, dematiaceous hyphae, short
Cladosporium
Opportunistic
chains of 1-4 celled blastoconidia with
scar at point of attachment from
repeatedly forking shield cells
36, 48, 52, 62
Fragmenting hyphae with
Geotrichum
Opportunistic
unalternating, rectangular arthroconidia
with round ends
12,
19,
20,
22,
Septate, dematiaceous hyphae with
Aureobasidium
Opportunistic
25, 32, 40, 56,
undifferentiated brown conidiophores,
57, 64
hyaline solitary or clustered
blastoconidia, older conidiophores are
dark one or two celled arthroconidia
1,
17
Septate, hyaline hyphae, numerous
Epidermophyton
Dermatophytic
smooth, thin-walled, club-shaped
macroconidia with 2-4 cells, no
microconidia
7, 12, 64
Septate, hyaline hyphae, numerous
Microsporum
Dermatophytic
thick or thin walled, elliptical or
spindle shaped conidia containing 3-7
cells (depending on spp.)
43
Septate, hyaline hyphae, rare, thinTrichophyton
Dermatophytic
walled, pencil-shaped macroconidia
with 3-8 cells, numerous round, oval,
or club-shaped microconidia in grapelike clusters along hyphae
8
Septate, hyaline hyphae, brush-like
Gliocladium
Non-pathogenic
conidiophores (penicilli) with flask
shaped phialides, terminal masses of
hyaline-green phialoconidia held in
large ball by gelatinous matrix
30
Septate, hyaline hyphae, large
Botrytis
Non-pathogenic
branching conidiophores with terminal
vesicles covered in single-celled, round
or oval blastoconidia
Table 2. Each fungal genus identified along with the plates they were observed on and the corresponding
microscopic characteristics

The data compiled from the molds identified was then further broken down into three graphs.
The first (Figure 2) compares the overall incidence of each mold found inside versus outside.
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This information is then separated into two subsets that compare what molds were found in high
traffic areas versus remote areas for both indoor (Figure 3) and outdoor locations (Figure 4).

Incidence of organisms indoor vs. outdoor
16
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Figure 2. Comparison of overall incidence of organisms found inside versus outside
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Figure 3. Comparison of organisms found in remote versus high traffic areas indoors
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Figure 4. Comparison of organisms found in remote versus high traffic areas outdoors
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In addition to identifying 23 genera of fungi, the Aspergillus species found were able to
be identified to the species level using their microscopic characteristics. While the data
represented in the graphs groups them together, they can be further broken down into A.
carbonarius (0,1), A. flavus (2,1), A. fumigatus (1,1), A. niger (3,3), A. ochraceus (4,1), and A.
sydowii (4,3). *
A total of fourteen yeast colonies were isolated from twelve of the SDA plates and
identified using the RapID Yeast Plus biochemical testing kit. After uploading the microcodes to
the ERIC® database, 11 isolates and 5 individual species were identified. As seen in Table 3,
Candida rugosa and Cryptococcus neoformans were seen the most frequently, each being
identified from three separate locations, while Trichosporon beigelli was found twice and
Rhodotorula glutinis and Candida glabrata were each identified once.

Plate Yeast Identification
9
Candida rugosa
10
Cryptococcus neoformans
14
Trichosporon beigelli
16
Rhodotorula glutinis
21
Trichosporon beigelli
42
Candida rugosa
45
Cryptococcus neoformans
52
Cryptococcus neoformans
56
Candida glabrata
64
Candida rugosa
64
Candida rugosa

% accuracy Macroscopic characteristics
> 99.9
Yellow, wrinkled
66.74
Mucoid, bright red
> 99.9
Mucoid, light pink/cream
99.34
Bright yellow, mucoid
> 99.9
Black, wrinkled
96.16
Lavender/grey mucoid
98.23
Orange/beige, “cheesy” looking
> 99.9
Pale yellow, wrinkled
98.95
Mucoid dark grey colony, diffuse black ring
> 99.9
Cream, wrinkled
50.47
Mucoid, yellow

Table 3. Yeast identifications with location, percent accuracy, and macroscopic characteristics

*

where Aspergillus spp. (n1, n2 ) = (indoor, outdoor)
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Discussion
Survey Findings
A higher overall incidence of mold was found outdoors than indoors, despite the freezing
temperatures. This result is unexpected because the ideal growth temperature for fungi is
between 24˚-30˚C, and at the time these samples were collected outdoors, the temperature ranged
from -2.7˚-1˚C. However, a characteristic of most fungi is that they are saprobic, meaning they
derive their nutrients from decaying organic material. The higher incidence of fungal organisms
found outdoors could be explained by there being more nutritional resources found in those
areas. Furthermore, samples displayed a higher variation of isolated colonies on plates sampled
from outdoor remote locations where exposed vegetation and soil were readily available. By
comparison, the plates sampled from more developed, high-traffic areas, such as downtown
Portsmouth, showed little colony variation on the plates that displayed growth.
Samples collected from indoor areas resulted in an inverse pattern, but for similar
reasons. A higher incidence of mold was found from high-traffic areas indoors than in more
remote areas. When choosing locations to sample indoors, the term “remote” applied to areas
that we may only interact with once or twice a month, such as attics, storage sheds, and
basements; whereas the term “high-traffic” referred to those areas or objects indoors that we
interact with multiple times a day on a daily basis, for example offices, showers, refrigerators,
and cars. These high-traffic areas are more difficult to keep clean due to the frequent interaction,
and heavy traffic means that any fungal spores present in the area are continually disturbed,
allowing them to spread. This could explain why more mold growth was found in these areas as
opposed to remote indoor areas that were more secluded and protected. Not only would the
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remote areas be more difficult for fungal spores to reach, but there would also be less nutrients
(dead skin cells, dirt, and debris) available in order for these saprobic organisms to colonize.

Medical Implications
As seen in the results from this survey, a wide range of opportunistic fungi were found from
varying locations across the local area. These fungi represent a broad spectrum of possible
disease states that could present in an immunocompromised person if they were exposed.
Aspergillus species were discovered the most frequently, however the severity of disease is
dependent on the causative species. Clinical syndromes due to Aspergillus infection can range
from allergies in hypersensitized hosts to destructive, invasive, pulmonary, and disseminated
disease.5 A. fumigatus is considered the most pathogenic and is the most common cause of
aspergillosis in human infections. A. flavus and A. niger are typically seen as contaminants but
are also known to cause disease in immunocompromised individuals.6 A. sydowii is commonly
seen as a cause of aspergillosis in coral reefs, but can also cause aspergillosis, keratomycosis,
and onychomycosis in humans.7 Both A. carbonarius and A. ochraceus are common food
contaminants capable of producing the mycotoxin ochratoxin A (OTA), which is found in a wide
range of products around the world, including cereal grains, dried fruit, wine, and coffee. While
OTA has been shown to cause renal tumors and nephrotoxicity in a variety of animals, it is
generally thought that the levels humans consume or are exposed to daily are not high enough to
cross our tolerance threshold and have negative effects. As of yet there has been no statistically
significant evidence to suggest that exposure to OTA has harmful health effects to human
beings.8 Though A. ochraceus has not caused human disease through the production of OTA, this
organism has been noted as the causative agent of rare osteomyelitis in diabetic patients.
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Aspergillus species are able to cause infections that affect bone tissue after introduction through
the vascular system, direct infection, or trauma – for example breaks in the skin barrier and
mucous membranes during surgery.9
In immunocompromised or immunosuppressed individuals, an aspergillosis infection is
acquired through the inhalation of conidia and the manifestations and degree of the disease can
vary. When spores are inhaled, they can establish in the paranasal sinuses, bronchi, or lungs. In
patients with underlying pulmonary disease, such as cystic fibrosis, chronic bronchitis, or
bronchiectasis, this can lead to the development of obstructive bronchial aspergillosis and true
aspergilloma (“fungus ball”). The fungal infection typically begins with spores establishing an
outgrowth in the lungs or bronchi, which can cause the production of granulomatous lesions at
the site of infection. The hyphae are then able to grow into the surrounding tissue and reach the
neighboring blood vessels, allowing the disease to disseminate throughout the body. Invasive
aspergillosis infections have been seen in the gastrointestinal tract, kidneys, and the central
nervous system and are increasingly observed in neutropenic and immunodeficient patients,
including those receiving antibiotics, immunosuppressants, or chemotherapy. Patients
experiencing invasive aspergillosis can present with fever, pulmonary infiltrates, pleuritic chest
pain, and hemoptysis and the onset of symptoms can be acute and fatal if left untreated.6 The
classical diagnosis of this disease was to confirm with repeated cultures of infected material,
however immunoassays have more recently been developed that serve as a rapid diagnostic for
an aspergillosis infection. These assays detect the Aspergillus galactomannan antigen in patient
serum and are considered specific but show variable sensitivity, meaning that while they can be
used as an early indicator to begin antifungal therapy, a definitive diagnosis should still be
attained through culture or PCR.5
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In addition to Aspergillus spp., the other fungi found the most frequently were also
hyalohyphomycetes (hyaline fungi). According to Medical Microbiology, hyalohyphomycetes
share several characteristics, such as showing a decreased susceptibility to antifungals and
requiring culture for a definitive diagnosis, as well as causing infections that are considered
uncommon but increasing in incidence. For this reason they can be discussed separately from the
dematiaceous molds (phaeohyphomycetes) because phaeohyphomycoses are tissue infections
that may disseminate or become localized to the lungs, paranasal sinuses, or the central nervous
system (CNS).5 However, in researching the medical implications of the molds found in this
survey, much overlap in disease states was found between hyalohyphomycetes and
phaeohyphomycetes, for example both Curvularia and Acremonium are capable of causing
keratomycosis, mycetoma, and disseminated disease. Because this study focused on the
identification of organisms instead of examining the prevalence of mycotic infections in the area
or antifungal resistance patterns, the medical implications for the remaining fungi found will be
discussed in terms of potential disease presentation as opposed to actual infections caused by
different fungal classifications.
When looking at associated diseases states of the molds found in this survey, the potential
for opportunistic keratomycosis was seen the most frequently. Among the fungi found in this
survey, keratomycosis is able to be caused by Absidia, Acremonium, Alternaria, Arthrographis,
Aspergillus, Cladosporium, Curvularia, Penicillium, and Scopulariopsis. This infection is
typically acquired through trauma and is characterized by a fungal infection of the cornea, which
presents as a white or cream-colored infiltrate of the eye when the hyphae begin to grow in the
area of inoculation. The progression of this infection can lead to ulceration of the cornea,
subsequent scarring, and blindness. Keratomycosis can be diagnosed by culturing or examining a
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wet mount of scrapings of the infected cornea and it is sufficiently treated with a 5% suspension
of natamycin applied directly to the eye every hour as needed. In addition to keratomycosis,
other disease states that were represented by both hyaline and dematiaceous molds in this survey
were otomycosis, onychomycosis, pulmonary infections, and allergies.
An interesting pattern noted amongst the fungal opportunists found was that several of
them seem to be showing increased incidence of causing disease. The reference book used for
identifying microscopic characteristics, Medical Mycology A Self Instructional Text, was written
in 1997 and lists Chrysosporium and Syncephalastrum as not being known to cause human
disease. This text also does not mention Arthrographis, Basidiobolus, Scytalidium, or
Trichoderma. However, when researching the associated diseases for each of the fungi
identified, several case reports of human disease caused by each of these organisms were found.
Arthrographis has recently been shown to cause onychomycosis, mycetoma, keratomycosis,
sinusitis, endocarditis, meningitis, and pulmonary infections.10 Basidiobolus is now considered a
rare tropical fungal infection with subcutaneous involvement, often of the trunk and limbs, and
can mimic malignancies, especially in the gastrointestinal tract and the kidneys.11 Chrysosporium
is able to cause onychomycosis and rare chromoblastomycosis-like subcutaneous infections.12
Scytalidium spp. have been seen to cause onychomycosis, especially on the nails of agricultural
workers who harvest green tea leaves.13 Syncephalastrum has gone from not being a cause of
human disease to causing fatal invasive pulmonary infections in immunocompromised patients.14
Lastly, Trichoderma spp. have been detected as the causative agent of disseminated infection in
diabetic patients as well as one reported case where the patient had recently received a renal
transplant.15 Though infection by these causative agents is still considered rare, they represent
the widening spectrum of opportunistic fungi and potential for human disease.
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There are several reasons suggested for why fungal organisms could be becoming more
pathogenic towards humans. The first is that, similarly to bacteria developing resistance to
antibiotics, many strains of fungi are now showing resistance to antifungals and antibiotics. This
is thought to be due to excessive use of antibiotics as well as frequent exposure to fungicides
through crops and farming.16 In addition to developing antifungal resistance, more opportunistic
mycoses could be prevalent now because the incidence of immunocompromised people has
greatly increased over the last twenty years. With the advent of new and widely used medical
procedures like organ and stem cell transplants, more people are on immunosuppressive therapy
than ever before, meaning that there is a greater risk for opportunistic infection than ever
before.17
In addition to the opportunistic molds found, three dermatophytic molds were identified
from the samples as well. These were Epidermophyton, Trichophyton, and Microsporum. These
organisms can cause fungal infections called tineas, or ringworm, in immunocompetent as well
as immunocompromised hosts and the presentation of infection largely depends on the site of
inoculation. Epidermophyton is typically seen in dermatophytosis of the nails, feet, and groin.
Trichophyton is the most common cause of athlete’s foot, and can also cause tineas on the trunk,
beard, scalp, groin, and nails. In immunocompromised patients, infection with certain
Trichophyton species has also been shown to progress to subcutaneous nodules and abscesses.
Microsporum infections typically present as ringworm of the body or scalp and can lead to
invasive infections in immunocompromised patients. Specific species of Microsporum are able
to be contracted through domestic pets like dogs and cats.6 It should be noted that, although the
exact species was not identified, in this survey Microsporum was able to be isolated from the
nose of domestic dog, along with three other molds and one yeast.
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The two molds identified that are non-pathogenic to humans were Gliocladium and
Botrytis. While human beings are not harmed, Botrytis is the major cause of grey mold in food
products, especially produce.18 Gliocladium is considered the counterpart of Penicillium, and is
able to produce a toxin called gliotoxin, but the significance of this toxin is still unknown and the
fungi itself is considered to be a contaminant only and non-pathogenic.19-20
From the results of the yeast identifications, the two most significant findings were the
presence of Candida spp. and the presence of Cryptococcus neoformans. Opportunistic yeasts
like Candida are ubiquitous, and many are normal human flora of the skin and throat. However,
Candida are the third most common cause of central line-associated blood stream infections
(BSIs) in hospitals. C. glabrata, isolated in this survey from a refrigerator water dispenser, is
second only to C. albicans in causing BSIs and candidiasis infections. While C. rugosa is seen as
the causative agent of infection less frequently (accounting for less than 5% of all BSIs), both C.
glabrata and C. rugosa are considered to be emerging human pathogens because they have
shown increased incidence of candidiasis as well as resistance to azoles and other antifungal
agents.5 In this survey, C. rugosa was isolated from a parking garage, a trail in a park, and from
the nose of a domestic pet. Isolating these organisms from the air outside in freezing
temperatures is somewhat surprising because yeasts especially prefer warmer temperatures
(~37˚C), but the range of locations from which these Candida spp. were isolated speaks to the
ubiquitous nature of the organisms.
Cryptococcus neoformans was isolated in this survey from a shower stall, from the air
walking around a coastal neighborhood, and from the air walking around downtown Portsmouth.
Again, the variation in locations especially considering the winter weather at the time of
collection, speaks to the ubiquitous nature of this organism. C. neoformans is a significant find
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because it has the ability to cause serious disease in both immunocompetent and
immunocompromised hosts. If spores are inhaled from the environment, the yeast can cause a
pneumonia-like pulmonary infection in immunocompetent hosts. In immunocompromised
populations, this infection will disseminate to the CNS via the bloodstream and lymphatic
systems and cause cryptococcal meningitis. It is noted that C. neoformans is considered a major
opportunistic pathogen in patients with AIDS, however, since more successful treatment of HIV
with antiretroviral drugs and the widespread use of fluconazole, the incidence of disseminated
cryptococcosis in the United States has been slowly decreasing since its peak of about 65.5
million infections annually in the 1990s.5
The remaining yeasts identified in this survey, Trichosporon beigelli and Rhodotorula
glutinis, are able to cause infections that are less widespread but are still considered prominent in
hospital settings. T. beigelli is most commonly seen as the causative agent of white piedras, a
superficial fungal infection of the scalp and hair shaft. In nosocomial infections, both
Trichosporon and Rhodotorula can cause catheter-associated fungemia in debilitated patients.
R. glutinis is commonly found as a commensal organism living on our skin, nails, and mucous
membranes. However, this organism is now considered to be an emerging human pathogen in
immunocompromised patients with indwelling devices, and in addition to fungemia, has also
been noted to cause ocular infections, peritonitis, and meningitis.5

Future Directions
If this study could continue for another year, this survey could be repeated, sampling the same
locations around the same dates the following year to examine if the same fungi were present or
to record any changes that have occurred. Taking the global pandemic into account, it would be
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especially interesting to compare the organisms present in locations like offices and restaurants
that were operating at essential-worker-only capacity when this survey was done in February
2021 to what might grow when the same locations are fully operational again. If the survey were
to be repeated, the plates should also be observed for intermediate growers. During slide
preparation for this survey, there were three plates that showed no growth on day nine of
incubation but exhibited growth a week later. However, because these plates were not observed
consistently after day nine, it could not be determined whether this growth was due to fungi that
grew at a slower pace or to fungal contamination.
In considering both the molds and yeast species identified in this survey, a wide range of
disease states that could potentially be seen in immunocompromised individuals were
represented. If this study could continue for another year, the immediate next step to take would
be to research the medical diagnoses of opportunistic fungal infections in the same area over the
last winter season. By compiling real patient data and comparing it to the results found in this
study, it could be determined whether there was any correlation between the two. If a correlation
was shown to exist, then it would suggest that a survey of local opportunistic fungi could be a
helpful tool in directing a diagnosis for these often overlooked infections.
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Acremonium spp.
Chloe Richard
UNH ‘21

Acremonium……………………………

29

UNH ‘21

Chloe Richard

Alternaria spp.
Chloe Richard
UNH ‘21
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Arthrographis spp.
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Aspergillus carbonarius.
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Aspergillus carbonarius…………..…..

Aspergillus flavus
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Aspergillus flavus……………………...
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Aspergillus fumigatus
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Aspergillus fumigatus…………………

Aspergillus niger
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Aspergillus niger………………………
Aspergillus ochraceus
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Aspergillus sydowii
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Aspergillus sydowii…………………..

Aureobasidium spp.
Chloe Richard
UNH ‘21

Aureobasidium………………………..

Basidiobolus spp.
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Basidiobolus…………………………...
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Botrytis spp.
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Chrysosporium spp.
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Cladosporium spp.
Chloe Richard
UNH ‘21

Cladosporium…………………………

Curvularia spp.
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Curvularia……………………………..
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Epicoccum spp.
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Epidermophyton spp.
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Geotrichum……………………………....

Geotrichum spp.
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Gliocladium spp.
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Microsporum spp.
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Microsporum…………………………...
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Penicillium spp.
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Penicillium…………………………….

Scopulariopsis spp.
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Scopulariopsis………………………...
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Scytalidium spp.
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Stachybotyrs spp.
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Syncephalastrum spp.
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Trichoderma spp.
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Trichophyton spp.
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